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lon-beam nanotexturing of buffer layers for near-single-crystal thin-film
deposition: Application to YBa ,Cu3;05_s superconducting films
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(Received 31 July 2001; accepted for publication 6 December)2001

A method of producing biaxially textured template layers for near-single-crystal-quality film growth
on substrates that do not provide a template for oriented crystalline growth is described and
compared to existing methods. This technique, ion-beam nano textdiiigX), produces a
biaxially textured layer by oblique ion irradiation of an amorphous film surface. Usingjtu
reflection high-energy electron diffraction aed situx-ray diffraction, an yttria-stabilized zirconia
(YSZ) template layer fabricated by ITEX is shown to have the appropriate surface texture for
YBa,Cu;0;.5 coated conductor fabrication. A YB@u;O,._; thin film deposited on an ITEX YSZ

layer has a critical current of 2510° Alem? (77 K, 1 uV/cm). ITEX produces texture rapidly and
should be ideally suited for future low-cost manufacturing. 2@02 American Institute of Physics.
[DOI: 10.1063/1.1450059

There has recently been an increasing interest in the A third approach for fabricating high-current YBCO
deposition of near-single-crystal quality thin films on sub-tapes on flexible metal foilas well as other structures in-
strates that do not provide a template for epitaxial crystallineluding YBCO/amorphous insulator multilay@rsis ion-
growth. These substrates include many technically importartteam assisted depositiofiBAD) of a textured template
materials such as randomly oriented polycrystalline metalayer, pioneered by lijimat al” and Readest al® in 1992.
foils, amorphous insulators such as $jGand plastics. A The IBAD process utilizes oblique angle ion bombardment
primary example is the desire to deposit the high-during the deposition of a buffer layer, most commonly YSZ,
temperature superconductor Y®aLO; ; (YBCO) on a to produce a biaxially aligneoth normal and in-plane axes
flexible Ni-based superallojsuch as Haynes Alloy No. 230 aligned template layer. This process can be used to make a
(HA230)] to make high-current conductors in the form of template layer on almost any substrate, enabling a wide va-
tapes. To carry high current&ritical current densityJ, riety of near-single-crystal thin film applications on sub-
>10° Alcm? at 77 K), the YBCO material must be near- strates that do not provide a template for epitaxial crystalline
single-crystal quality, as critical current decreases with in-growth. Recent results using IBAD demonstrate that this pro-
creasing grain boundary angles in the filfFlexible poly-  cess can be used to fabricate high-current YBCO &
crystalline metal substrates do not provide the properesults as well as those of oth¥tfave shown that the tex-
template for such growth. ture of the IBAD YSZ buffer layer improves with thickness,

Three approaches have been used to promote orientehd therefore deposition time. To produce the texture neces-
YBCO crystalline growth on substrates that do not providesary for YBCO tape$¢ scan FWHM< 10°), more than 1.0
an epitaxial template. One approach, initially demonstrategm of YSZ film is needed. This result is consistent with the
by Sumitomo using yttria-stabilized zirconi&’Sz),® pro- model of Bradleyet al, which predicts a gradual improve-
duces texture by depositing a buffer layer with a vaporment in texture due to a competitive grain growth mecha-
source at an inclined angle. Recent results for similarly denism, followed by an asymptotic approach to a saturation
posited MgO buffer layers have demonstrated good textureyalue!! IBAD deposition rates are low (typically
with a YBCO ¢ scan full-width-half-maximum(FWHM) <50 nm/min due to the fact that ion flux to material flux
~9° and J,~7.9x10° Alcm?.* The textured layers are ratios are critical during this proce§screasing ion flux im-
tilted toward the axis of the vapor source 25°). This re- proves texture, but slows deposition due to sputtering
sults in asymmetric in-plané.;s in YBCO layers grown on Therefore, IBAD YSZ deposition times of over 20 min are
these buffers. Thick 1 um) MgO layers are required to required for YBCO tapes, which is too slow for typical in-
achieve suitable texture for YBCO deposition. dustrial processing.

A second approach for fabricating YBCO supercon- Recent IBAD results using a process developed at
ductor tapes utilizes metallographic rolling and thermal an-Stanford? for MgO template layers have demonstrated biax-
nealing to induce texture directly in a Ni metal f3ilThis ial texture in a much thinner layer(10 nm) than with YSZ.
method is promising, with YBCQ@b scan FWHM~7° and  YBCO ¢ scan FWHM~11° andJ.~8.6x10° A/cm? (75
J.s over 16 A/lcm? demonstrated in tapes. Oxidation of the K) have been reported using this procESEhis process em-

Ni surface during deposition and problems transferring theploys an amorphous layer of silicon nitride under the MgO,
epitaxial template to the YBCO film have thus far only beenand substrate roughness effects have been reported to lower
overcome by a multilayer buffer structure, such asJgs.

Ce(0,/YSZ/CeQ. This additional processing may increase We now report a simpler and faster technique to produce
manufacturing costs. Also, this technique limits the choice ofa template for near-single-crystal films on difficult
substrates to a few metals. substrates—Ilon-beam nano texturiffEX). ITEX uses
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FIG. 3. XRD from YBCO/ITEX-YSZ/HA230 sample, showing strong (PO

YBCO peaks.

cally polished(0.05 um alumina final polish HA230 sub-
FIG. 1. (Color) RHEED image from YSZ surface after ITEX processing. strate was first coated with YSZ using pulsed-laser
There is some magnetic distortion evident due to the close proximity of thedeposition(PLD) conditions previously shown to produce an
lon source. amorphous layer (room temperature, <10 ° Torr
vacuum.* This amorphous YSZ layer was then subjected to

ion-beam parameters similar to IBAD, but differs fundamen-300 eV Ar" ion bombardment at-55° from the surface
tally in that the buffer layer deposition is separate from thenormal(the same as typically used for IBAD of Y$or 1.5
texturing process. An amorphous layer of buffer material ismin. at a pressure of 0.8 mTot60% Ar, 50% Q). The
first deposited by a rapid technique. This layer is then expenetration depth of oblique 300 eV Aiis expected to be
posed to oblique ion irradiation to produce texture in theabout 1—2 nnt>® so only a thin layer near the surface is
near-surface region of the film. This textured surface layer isikely to be directly modified. Finally, a YBCO thin film was
then used as the template for near-single-crystal film growthdeposited using our standard PLD proc¥sshe simplicity
In cases when the desired substrate material is amorphous ¢ this processing sequence is notable, especially since the
begin with, ITEX can be applied directly to the substrate,YSZz buffer deposition and the ITEX texturing are performed
eliminating the need for a buffer layer. ITEX is much fasterindependently, avoiding the rate issues of IBAD.
and thus more industrially applicable than IBAD, as one can A Staib Instruments differentially-pumped 35 k&Vsitu
use an inexpensive and fast method to deposit the initialeflection high-energy electron diffractidRHEED) system
amorphous material, and then treat the surface rapidly witivas used to generate ansituimage from the surface of the
the ion beam. YSZ produced during ITEX processirigig. 1). The azimuth

To demonstrate the ITEX process, we fabricated a texof the RHEED beam is perpendicular to the azimuth of the
tured YBCO/YSZ/HA230 structure as follows. A mechani- jon beam in this analysis. This diffraction pattern clearly
shows that crystallinity is induced at the surface of the pre-
viously amorphous YSZ surface. The pattern shows that the
incident electron beam is parallel to(a10 YSZ axis, as
expected for 4001) YSZ surface. A rotation of the sample in

w the plane of the film shows a fourfold symmetry, with the
g expected001) pattern 45° from thé110 axis, thus verify-
£
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FIG. 2. (103 YBCO ¢ scans from YBCO thin films ofa) ITEX YSZ and FIG. 4. (Color) AFM images of(a) ITEX and (b) non-ITEX amorphous
PROOF cAPY8343&7»morphous YSZ. YSZ surfaces.
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ing that a(001) film surface has been created with biaxial well as other parameters need further exploration to enhance
texture in the plane of the film. These patterns are similar tahe degree of texture beyond that demonstrated in this initial
those demonstrated for an IBAD YSZ surfdéeThere is  work.
some distortion in the pattern, due to the close proximity of  For YSZ, the ITEX process may produce surface texture
the strong permanent magnets in the ion source. Modificaequal to or better than that produced by IBAD. Though the
tions are being made to the system to increase the distanexact mechanisms of the process are still not understood, two
between the ion source and the substrate to eliminate thimain theories for IBAD texturing of materials like YSZ have
distortion. been advanced(lt is important to note that a different

A (103 YBCO ¢ scan, shown in Fig.(@), demonstrates mechanism has been proposed for IBAD of MtfDBradley
that in-plane texture was established in the YBCO film de-et al!* and others have proposed a competitive sputtering
posited on the ITEX YSZ. For comparison, a sample wasnechanism in which nonaligned grains in the growing film
made with an otherwise identical process but withoutare limited in their growth due to a higher sputtering rate
ITEX—this sample did not exhibit in-plane texture inga  than for aligned grains. Ensingéand Ressleet al? argue
scan[Fig. 2(b)]. Though the ITEX texture is not as good as that such a sputtering rate differential does not exist, but that
that produced by a well-optimized IBAD procesthis result  the alignment occurs due to an anisotropic ion damage accu-
is similar to early IBAD result:® The J. measured on a 50 mulation mechanism. In either case, however, it is a competi-
um bridge was 2.5 10° Alcm? (77 K, 1 uV/cm). The ITEX  tive grain growth process which eventuallgfter the depo-
process has not yet been optimized; further work is undersition of an order of 1000 crystal unit cellsesults in a
way to determine the effects of process parameters on theighly textured surface. ITEX is a direct surface texturing
texture and resulting,; . process that does not rely on a competitive grain growth

To further establish that ITEX has produced8l) tex- mechanism. Since this nanotexturing is a simpler process, it
tured YSZ surface, a Bragg—Bretano x-ray diffracti®iiRD) may be more readily understood and controlled.
pattern is shown in Fig. 3. It is apparent that the ITEX YSZ ) )
surface provided a suitable template for strangxis crys- The authors are grateful for the tech_nlcal a(_jwce of Eu-
tallization of the YBCO film. A pattern generated for the 9€n€ Haller, John Clarke, and Mark Levine. This work was
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